REVISED 10-14-36

) UHIT
FHEA WO. _ 2,3.56.4 SHUTTLE CCTV bwG HD.
. LRITICAL ITEHS LLIAT 23070R5=-503
CRITLCALITY 272 SHEET 1 oF __ 8§
FAILURE ™MIOE AND . FAILURE EFFECT
£ALSE O END ITEH RATIOMALE FOR ATCCEPTANCE
ris limit switch F2ils thorted. - Unable tn cantral the DESIGN FEARURES
opening of the lens iris.
L4 r Fhe TWC/Lens Aszambly is cooprised of |6 alectrical subassemblies; 13 subazsemblies
witch Fallure Herst Case: are RCA Astro designed and fabrlcated usimg standard printed-circuit board type of
Loss af missian canstruction. The remaining three assemhlien, high vn]tjﬂe power supply, oscillator.
critical video. and stepper motors, are vendor suwpplled components which have been spacified and

purchased according ko RCA Spaclfication Control Drawings (5(%ks) prepared by enpi-
neering and reldabllity assurance. Specifications per the 5CD are prepared te
establish the design, performance, tast, qualification, and acceptance requirements
ipr & procured piece of egquipment.

Parts, naterials, processes, and design guidelines for the Shuttla CCTY program are
speciFied in accardance wilth RCA 2295600, This docusent defines the progqram requireg-
ments for selection and controV of EEE parts. Fo bhe maximwn exkent, and consistent
with availability, a1l parts have been selected from military spoeifications at the
JAN level, as a minimum, [n addition to the averadl selection criteria, & subset of
genesral purpole preferred parts has been defined by this docusent and the RCA Govern—
ment Syskewg Division Standard Party List. Ia the case of the CHOS and TIL famrily of
micrachreulbs, devices are screensd and basted to bhe HIL-STR-BBIC aquivalant ard
procured undar the des|gnatisns of HI-REL/3WY and SNC 54LS from RCA-350 and Texas
Instruments Corp, respectively. Parts not incleded im the above documants have been
ucad in Lhe design only after a nanstandard 1tem approval form {N3LAF) has bean pre—
pared, submitted Lo Reliablility Assurance Engineering (RAE} and approved for uze in -
tha spocific application(s) defined in the I‘iglﬁF by HASA-JSC.

Worst—Case Circuil Analyses have been performed and docuncoted for a1l clirouit
designs le demonstrate Lhak sufficient operating margins exist for 211 operating
condilions. The analysis was worst case-1n 1hat tha value for each of the variable
parameters was set to 1imles that wil) drive the output to a mavimum {er mininun).

& component applicmtion review and analysl'h was eonducied to -.rar'i:'r that the applied

stress on each piece part by the temperature esiremes idantified with &nvironnental

;S.;,ifimtim testing does nob exceed Lhe skress derating valuea identified in RCA
£03x, -

In addition, an chjective sxamination of the d.esign was performed through 2 PDR and
CDR to werify that the TVCAens assemhly met specificatdon and contractual require-
ments.
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INIT __INCAAA
FHEA MO. 2.3.6.4 SHUTTLE CCTV MG KD, =
CRITICAL TTEMS L15T L Z3MOEs-s0y
CRAITICALETY 252 SHEET _ 2  OF q

FALLURE HODE AMD
CAUSE

FATLLHE EFFECT
OH END ITEH

RATIONALE FOR ACCEPTANCE

[ris 1lait swich Talls shorted,

LYY
Switch Fal lure

Unable ta contral the
ppaing of the Yens iris.

Loze of mission critical
camera video.

DESIGH FEATURES (Continued)

The general arrangesent of the lens assembly s to provide an inkegraked bausing,
molor, and ¢ircuil board package which can accomsodate warious commercially aua?1ah1e
Tenctes. Emphasis is placed on accessibility of the lens, jts drive components, and
Timit steps. Components within the teaz azsembly have baen nadularizad, sarving both
the MLA, CLA, and WLA assenblies.

The lens housing structure 13 2 pne-piece casting desligned to minimize machining Jnd
provide 2 rugged dimensionally stable mounting fer the aptical <omponents. The housing
it in the fora of a right angle. The vertical member interfaces with the Front surface
of Lhe cimera and the herizontal memher supports the deive sotore on the upper surfadge
with the Yens funcbioa circuit boards in a cawity on the woderside.

Lens Function Drive Train

The iris, zoam, and focus drives sre jdentical in concept; the only difference is the
Tower gear ratio in the irks train to provide the 2.8-zacond and-to—¢nd travel capa-
bility aecessary for the ALC operstion.

The table |os next page} shows the drive krain parameters with overall torque marglns
Moe the Uhree lens Functions.

The mutor/fgear heads are wopunted on tha Tens housing rather than on the l¢ns, to pevmi b
the dasired tene interchangeakility for Lhe Shuttle missios with minimun impack an Lhe
actual Yenses.

Various types of wmtors were canstdered for bhis aqp?ication. trading off size, power,
weight, contraV-circull romplexity, cemmand gapability, and qualification statys. Tha
brushless and stepper-mmtor Lypes (it the packnge and power requirements, the Tatier
being grefcrr!d because of Lt simpliciky, ra]iahi1it¥, and space-qualified status.
The selected steppar motor [a sice-8, Alnico-9 pole—piece, permaneat-magnet stepper}
s mated with a spur Lrain gearhead. Hoth usits are manufactured by Monaco Moter Co.
A 48-dlamebral-gitch {98-0P) spur gear on the gearhead output shaft meshes direckly
with kthe gears which ara 3 part of the zoom, focus, and iris risg functions on the
Tlans gear,
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CUNET  _ TYCALA
FHER 0. 2.3.k.4 SHUTTLE CCIVY DG Wi,
CRITECAL ETEHWS LEST ca0r08g-503 00
CRETICALNTY 252 SHEET _ 3 o __ 9
FAILURE HIDE AMD FATLURE EFFECT
CAUSE OH EHA TTEH RATI{MALE FOR ACCEPYANCE
Iris limit swilch fails shartad. Unable to contral Lha CESIGH EEATURES (Conkinued)
wpening of the leas iris.
MLA LEWS ORIVE TRAIN PARAHETERS
Swikch Failure :
Loss of oissian |
critical vldes. . Tine Ead-| ¥nput Loss Het
Orive] Component | Fravel ko-End  |Torque |Ratio Ho.JEfficiency|Torque |Torque
{dagrees) |{secands} [{oz-in)|or Teeth L [oz=in) Il az—in)
. Nainr : - - - - 0.27
Gearhaad 8.7 T 1 ao 1.7 ) 8.5
Zapm 150 b.&
Gearhea
Gutput Goir 18.1 o4 2.2 | 52.D
35
Leas Gaar 150 k.0
Torgui Margin
1 B
Hatar - - - - 0.77
Gearhgad n.27 4d:1 84 2.6 1 10.3
Focus 282 1.5
Gearhead
Dutput Gear . 10.3 L] 1.3 ] W.4
Qi
Lans Gear (313 0.0
. Torque Hargin
30
Hokbaor - - - - h.27
Gearhead k.27 ARz an 2.6 | 10.3
Iris 105 2.8
Gearheas
Output Gear 10.3 50 1.3 | 30.0
o4
Lans Bagr 156 .0
Torque Hargin
B T
i
Pt —_ . - o - Aﬁ,&
F__% .
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i UHIT
FMEA MO. __2.3.6.4 SHUTTLE CLTV - DME WD, 2E94519-506, 508,
CHITICAL ITEHS LIST S30r0RB-503
CRITICALITY 252 SHEET __4 = OF 9
FATLURE HODE AND . FATLURE EFFECT ]
LAUSE OH ENO [TEH _ EATIOMALE FOR ACCEFTANCE
ris Vimit switch fails shorted, Unablg to cantval tha MM“_

opaning of the Teas iris.
Ihe CCTV systems' WLA 45 subjected directly, wiktheut vibrakion isolatory which wight
be wsed in their normal inskallation, ta the follawimg testing:

LA
witch Failura :
Loss of mission

erilical wideo. s Vibratioen; 20-80Ma: 3 dB/Ogt-rise From .81 GE/H:
. A0-350 Hz: 0,04 GE/Hz
60250 Ha: -1 d8/10 Oct-slopa
Test Duration: | Hinuge par Axis
Test Laval: 6.1 Grus

o Therwal Vacuwn! In a preszure of OGS Tere, tha temparaturs shall be as
folVaws:

12%° F: Tiwe to stabliza agquipsest plus | hour
258 F: Time to stablize egulpseat plus | kaur
175° F: Time to skabliza aguipmant plus | kour

The WLA may not kave Booa subjected to tha vacuun condiklon,
For Aeceptance Test Flow, See Tahla ) Yoctated at the front of this boak.

GPERATIONAL FESTS

1o order Lo verify that CCTV companents are operakiunal, 3 besk susk verify the
health of all the commaad related cosponenks from the PWS (ATA1) panel swilch,
through the RCU, terougk tha sync lines to the Camara/PTU, ko the Camera/PTV command
decoder. The test muct also verify the camara's abllity ko produce viden, the ¥il's
abidity to rowte widee, anl Lhe @onitor's ihl‘lit{ to display videa. A& similar Lest
woild ba parformed to werify the MIH commind path. .

Pee= gunch on Orbiter Jest/Ia-Flight Test

. Power CLTY Syskem.
. ¥Wla the PHS panal, salect a monitor as dastinatiom and the camera under
Lest ag SOUFCH.
Send “Camera Power On" conmend From PHS panel.
felget ‘Exktarmnal Sync" on sonitar.
Ohserve video displayed on monikor. Hute that if video on manitor is
synchronized {4.2., skabla raster] then this lndicates that the comera
is vecaiviag composite sync from the RCW and Ehat bthe coamera is producing
synchronized vides.
6. Send Pan, Tilt, Focus, Zoow, TWR, AND Gamma commands and visually {eikher
wia the monitor ar direct observation) verify oparation.
!. Saelect downlink as destination asd camera wader fest 45 source.
8. Dbserve viden routed to downlink.
4, Send “Camera Power DfF" comwand wia PHS panel.
[

TR Mook Chomn ¥ khomnom £l neenek §rsan coaenande vis tha WIH fAnnkaed nakh
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FoEA 3. _ 2.3,6.4

CRLTICALETY £re

UHIT _ TYCALA
SHUTTLE CCTV OWG HO. =

CRITICAL ETEHS LIST
SHEET 5 - ©OF g

FATLURE MORE AKD
£AUSE

FAILURE EFFECT
—ON fHb ITEH

RATIDHALE FOR ACCEPTANCE

Iris 1imit switch fails shorted.

WLA
Switch Failure

123/R a—

linabTe ko cantral the
opening of the lens iris.

Worsk Case:
Loss of aission
critical widen.

QA/INSPELTICH

Pracyrement Coalrg]l — The TYL/WLA EEE Parks and harsware ileas are pracursd fron
approved vendors and suppliers, which meet the requirements set forth in Lhe CLCTY
contract and fuality Plas Herk Statemant {W5-259317B}. Resident DCAS personngl
review #11 procurenent documenls to establish the need for GSI on selscted pacts
(PAT 51T},

mmﬂ_mmm_ﬁm ~ Inconing Quality inspections ara made on all
receiwed materials and parts. Resulls are recorded by lot and retabned bn Fila by
drawing and contvsl munbars for Future reference ond trueahilitg. A1l EEE paris
are subjected to {ncoming acceptance bests as called for in PAL 215 - Incaming
Jnspection Fest Enstructions. Tacoming Flight parts are furthar processed in
sccordance with RACA 1846684 — Precuadilioning and Acceptance Requivemeats for
Electronic Farts, with the exception that DPA ana PIMD testing is not parformed.
Hechanical items are inspected per PAI 316 — Incoming laspection Instructioms For
swechanical items, PA1 305 - Im:nlin? Quatitp Controd [nepectian Inskruclion, and
PAL 612 — Procedurs for Processing Incoming ur Purchased Parts Designated for
Fiight lise. Accepbed Liemas are delivered to Haterial Controlled Stores and
rebained undar specified conditions ontl) fabricatien is required. Hon—confarming
vaterials .ar]*\e hald for Halerial Review Board (MRB) disposition. ({PAT 307,

AT IOC XYL

= Prior ip the start of WA board assembly, 4Vl fkews are verified
Ly be ¢orrect by stock room persaneel, as bhe ikems are accumulated ta form 3 kit. The
ilens ara vuriftel again by the operator who ass=mbles the &It by chacking againsi Lhe
as-built-parts=list (ABPL). DCAS Handalory Iaspectisn Points are designatad For all
printed circuit, wire wrap and welded wire boards, plus haraess conneciors for solder-
ing wWiriey, crimping, selder splices and quality worhmanshlp prier to coating of tha
camponant side of boards and sieeving of harnesses. Specific instructlons are givan in
assenbly drawing notes and agplicable documenis called out [n the fabrication pracaduve
and record [FPR-238784BY and Farts Ligk FL 230708H. These include wire cannection 1ist
23033499, Holes - wmide angle eoom lens assy 2303191, Procass Standard - bonding stakiag,
potting, encapsulating Z2BABM, Sperification — Urethane protective coaliag 2280877 and
Horkmanship Spec BO3DO35. .

I¥C Assembly amnl Test — An opan box test s performed per TP-[T-2234819, and an Accept-
ance Test per TP-AT-2294819, including wibration amd thermal vacumwm. Torgues are
spacified and witnessed, traceab|Vily nunbers are recorded and calibrated tealy are
checked prior ta use. RCA Quality and DLAS inspections are perfarmed at the cocplétion
af spacifiad FFR operations in accordance with PAL 204, Pal 205, PAL 20& asd FAL 217.
BLAS gersoanel witness TWE buttsn—up ad critical torguieg.

220 ool JL'I.:J:(.--;_,_ .
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' LNIT  __TIYCAILA
FHEA HO. . 3.0.4 SHUTTLE CCTV . DwWE MO, AR 9-506 SIS
_ CAITICAL ITEWS LIST 210000-583 20200
CAITICALITY s SHEEY _ H 22 AOF __ 9
FAILURE MDDE AHD FAELURE EFFECY
LAUSE 04 END JTEM : __ RATTONALE FOR ACLFPEANCE
lris Jimit switch Falls sherbad. Unable Lo cantrol the OA/ IMSPECTION (Conkinvedk .

spening of the lens iris.
dLA Assently and Tpstk - An open box tast is perfarced per TP-IT-Z230J088, Acceptance

: Test per TP-AT-2307088, Torgues are spechfied and witnessed, traceability aumbers are
Loss of mission recorded and calibrated tools are chachkad priar ko use. RCA Quality and DCAS inspec-
critical viden. tions are performed at the completion of speclfied FPR operatives in accordance with
Pal 204, PAL 205, PAL 217 and PAI 402. OCAS persanngl witnass WLA butlon—up and
critical tarquing. : '

wiktck Failura

IV HLA Assembly and Test - After & TVC amd a WLA have been tested indlvliua”{.
they are mated and a final accaptance test iv porformed por TP-AT-2204819, including
wibration and thermal vacupm environments. RCA and DCAS persenndl moaitor thasa
tests and reviaw the scceplance Lest datal/resuwits. Thess personne]l also iespech
after a1l repair, rework and relesi.

Preparation for Shipmeat - 1ha TVC ané WLA are separated prior to shipaeal after
fabrlcation and testing is complete. Each is packaged accordimg ko CCTV Letker HOIN
and 2200746, Process standard for Packaging and Hand1ing guidelines. A1l related
documentatien Including assewbly drawings, Parts Lisk, ABPL, Test Data, sic., 1s
gathered and held in & docusentakion folder assigned specifically te each asseslbiy.
This folder is revainad for reference. An EIDP s prepared for each assy is
accordance wikth the regquirements of MS-2593176. HRLA and BCAS personnel wibaess
crating, packsyinsy, packing and warking, and review the EIDF for completencss and
ACCUFrACY -
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LUNIT TWCAdLA
FHEA K3, _ 2.3.6.4 ) SHUTTLE CCTV DHG NO. -
B CRITECAL CTEWS LIST =
CRCTICALITY 2f2 S SHEET 3] oF g
FAILURE NODE AND FAILURE EFFECT '
LALSE Ok EMD [TEW BATIONALE FOR ACCEPFTANCE
Iris 1imit switch fails skorted. Unab¥e tp central the FAILURE HESTGRY )
opening of the Jens iris.

WLa HDHE .
Swikch Failure Worst Case!

Lpss of missisn
critical video.

12378 - 2213 oLl -4
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FHEA HO. _2.3.6.4

CRITACALITY pt s

UNIT
OWG NG

SI07PAR-H03
SHEET 9 . W _9

SHUTTLE CCTV
CRITICAL ITENS LIST

FATLURE HODE AND
LAISE

FATLURE EFFECT
OH END ITEH

RAY[CHALE FOR ACCEFTANCE

Iris 1init swikch Fadils shoried.

Smitch Failure

lnable to control the
ppaning af Lha Teas 1ris.

Lass oF mi;siun
critical vidano.

OPERATIONAL EFFECTS

Lass of widdn. Ppssible 1oss of major missien objectives due to lass of HMS cameras
or othar requlred cameras. )

£REY ACTIONS

[f pasaible, continua RHS operations using &) bernative visual cues.
CREW TRAIKING '

Craw shoukd be trained to vse possible alternatiwes ko CCTV,
HLISS[0H COHSTRAINT

b{it:ber;e possidle, proceduras shouwld be designed so they con be accomp)ished without



